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Abstract. Cycas beddomei is a critically endangered plant species belonging to the 
cycadales of the gymnosperm under family Cycadaceae grown in the hill slopes and grassy 
woodland forest. It is considered as a living fossil, as its distribution is very rare, though it 
flourished well in the Mesozoic era. No report on molecular profiling and genetic distribution on 
Cycas beddomei for conservation and multiplication. Molecular marker like Inter Simple Sequence 
Repeats (ISSRs) markers were used to identify the species with genetic analysis among the 
individuals collected from wild populations of the state of Andhra Pradesh, India. It is only growing 
in the hill regions of the state of Andhra Pradesh, India. Among the twenty ISSR primers tested, 
only fifteen of them produced unambiguous DNA fragments through polymerase chain reaction. All 
the clones of Cycas beddomei extensively amplified using these fifteen ISSR primers and produced 
a total of 86 fragments ranging from 300 bp to 2500 bp. The maximum number of polymorphic 
markers and percentage of polymorphism were 70 and 81.3 respectively. Average number of 
polymorphic ISSR marker was 4.7. The average PIC value, reflecting the expected heterozygosity, 
was 0.749 and the frequency for the ISSR loci ranged from 0.623 - 0.914. The dendrogram 
generated based on ISSR markers showed distinct clusters. The six clones were clearly separated 
into two major clusters with 50% similarity. The variation due to the biological regeneration of the 
species. There is an urgent need to take effective measures to protect this critically endangered 
species against further loss of genetic diversity and for ex situ conservation. 
 




The genus Cycas is the single genus of the family Cycadaceae and about 110 
species. It is also the sole living Cycad group occurring in Asia. Cycads represent a very 
primitive group of vascular seeded plants that have been in existence for more than 250 
million years of history (Gao and Thomas,1989; Norstog and Nicholls, 1997; Hill, 2003). 
They were extremely dominant during the Mesozoic, they are now largely relictual in 
highly fragmented habitats in the tropics and subtropics. On field studies have shown that 
the majority of wild Cycad populations are either threatened, critically endangered or o 
face the threat of extinction in the wild (Osborne, 1995). All the species of cycads have 
been listed in the Convention on International Trade in Endangered Species of Wild Fauna 
and Flora. The extinction and also listed in the threatened categories by the year 1997 
IUCN Red list because of their narrow distribution and small population sizes, various 
threats to population and their habitat. Eight species and one variety of Cycas have been 
reported in India. Most of the Indian Cycas species, except Cycas beddomei are 
morphologically similar and not able to identify on the basis of coralloid roots, 
physiological & morpho-anatomical properties. All there are affected by the growth 
condition and the environment making the closely related species difficult to identify. 
 Information about taxonomy and genetic variation patterns within and between 
populations are basic requirements in conservation biology (Franke and Soule, 1981).  
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Species circumscription may have a strong impact on the estimate of genetic 
diversity within a species (Hedren, 2004), the extent and structure of which is a 
prerequisite for evaluating their survival ability in a changing environment, and for 
establishment of conservation practices. With the goal to preserve species evolutionary 
processes, taxonomic uncertainty could result in negative impacts on biodiversity 
conservation, such as genetic contamination of local populations during in situ 
management activities (Moritz,1994). Furthermore, ex situ conservation also requires an 
advanced understanding of the phylogenetic relationship and distinctiveness of the taxa in 
order to avoid interspecific hybridization, which is a major threat to the integrity of species 
as distinct breeding groups (Furman et al., 1997). 
 Cycas beddomei is known only from the Cuddapah –Tirupati Hills of the South 
Eastern Ghats in Andhra Pradesh, North West of Madras in Eastern Peninsular India and 
some part of China. It grown on open hill slopes and grassy woodland or grassland forest. 
Leaves grey-green, dull , 90 cm long, flat in section, tomentum shedding as leaf expands, 
petiole 15 cm long, glabrous, spinescent Median leaflets simple, strongly discolorous, 100- 
175 mm long, 3 -4 mm wide, section slightly keeled, apex acute or aristate, spinescent, 
mid-rib raised above, flat below, seeds flattened-ovoid, 38 mm long, 34 mm wide 
sarcotesta yellow, fibrous layer present, sclerotesta smooth. Traditional taxonomy based on 
morphological characters may quite cryptic species that are morphologically similar but 
genetically divergent, which could lead to gene contamination in the course of breeding 
programmes and reintroduction (Hammond et al., 2001). Scanty reports are available with 
regards genetic variation of cycads based on allozyme analysis (Ellstrand et al., 1990, 
Byrne and James, 1991; Yang and MJeerow, 1996; 1999; Li et al., 1999; Keppel et al., 
2002) and molecular analysis in Cycas guizhouensis (Xiao et al., 2004; Cycas balansae 
complex (Xiao and Gong, 2006); Cycas species (Radha and Singh, 2011) and Cycas 
fairylakea (De Castro et al., 2006). DNA molecular markers have been proven valuable for 
genetic diversity analysis and population genetics and markers assisted breeding (Williams 
et al., 1990). No literatures are available on molecular analysis of Cycas beddomei. ISSRs 
are semiarbitrary markers amplified with one primer complementary to a target 
microsatellite. ISSR markers have also a great potential for inferring genetic relationships 
among closely related species (Salimath et al.,1995; Martin and Sanchez-Yelamo, 2000; 
Benharrat, 2002). The present investigation is to study the genetic variation among the 
clones of Cycas beddomei by using ISSR markers. 
 
MATERIALS AND METHODS 
 
Sample collection 
Plants of Cycas beddomei were collected (Fig.1, Table 1) and deposited at the 
germplasms centre of Regional Plant Resource Centre, Bhubaneswar. The herbarium was 
made and identified by Dr.P.C.Panda, Principal Scientist, Plant Conservation Unit. Leaf 
tissue (2 gm) was collected from six clones of Cycas beddomei kept at 40C for extraction 
of genomic DNA.  
DNA isolation and quantification. DNA was extracted from fresh leaves using 
the cetyl-trimethyl ammonium bromide (CTAB) method (Doyle and Doyle, 1987). 
Approx. 1g of fresh leaves were ground to a powder in liquid nitrogen using a mortar and 
pestle. The powder was transferred to a 50-ml falcon tube with 10 ml of CTAB buffer [2% 
(w/v) CTAB, 1.4 M NaCl, 20 mM EDTA, 100 mM Tris (tris(hydroxymethyl) 
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aminomethane)-HCl, pH 8.0, and 0.2% (v/v) β-mercaptoethanol]. The homogenate was 
incubated at 60 °C for 2 h, extracted with an equal volume of chloroform/isoamyl alcohol 
(24:1, v/v), and centrifuged at 9838 × g for 20 min. DNA was precipitated from the 
aqueous phase by mixing it with an equal volume of isopropanol.  
After centrifugation at 9838 × g for 10 min, the resultant DNA pellet was washed 
with 70% (v/v) ethanol, air-dried, and resuspended in TE (10 mM Tris-HCl, pH 8.0, and 
0.1 mM EDTA) buffer. DNA quantifications were performed by visualizing under UV 
light, after electrophoresis on 0.8% (w/v) agarose gel at 50 V for 45 min and comparing 
with a known amount of lambda DNA marker (MBI, Fermentas, Richlands B.C., QLD, 
Australia). The resuspended DNA was then diluted in TE buffer to 5 μg/μl concentration 




Fig.1. Map showing locations of the sample collection of Cycas beddomei. 
 
Table 1. 
Different clone of Cycas beddomei used for ISSR analysis 
 
Code no Area of collection Grid Size Latitude (N) Longitude (E) Altitude 
Clone -1 Trimula 10 x 1000m 13042’49’’ 79022’29’’ 872m 
Clone 2 Penchalakona 10 x 500m 14019’ 16” 790 23’ 47” 809 m 
Clone -3 Penchalakona 10 x 500m 14019’ 16” 790 23’ 47” 809 m 
Clone-4 Trimula 10 x 1000m 13042’49’’ 79022’29’’ 872 m 
Clone-5 Penchalakona 10 x 500m 14019’ 16” 790 23’ 47” 809 m 
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Primer screening. Twenty synthesized inter simple sequence repeat (ISSR) 
primers (M/S Emerk Bioscience, India) were initially screened to determine the suitability 
of each primer for the study. Primers were selected for further analysis based on their 
ability to detect distinct, clearly resolved, and polymorphic amplified products within the 
clones. To ensure reproducibility, the primers generating no, weak, or complex patterns 
were discarded. 
ISSR assay. PCRs with a single primer were carried out in a final volume of 25 μl 
containing 20 ng template DNA, 100 μM of each deoxyribonucleotide triphosphate, 20 ng 
of oligonucleotides synthesized primer (M/S Emerk Bioscience, India), 1.5 mM MgCl2, 1 x 
Taq buffer (10 mM Tris- HCl, pH 9.0, 50 mM KCl, 0.001% gelatin), and 0.5 U Taq DNA 
polymerase (M/S Emerk Bioscience, India). Amplification was performed in a gradient 
thermal cycler (Peqlab, United Kingdom) programmed for a preliminary 2-min 
denaturation step at 94 °C, followed by 40 cycles of denaturation at 94 °C for 20 s, 
annealing at required temperature for 30 s, extension at 72 °C for 1 min, and finally 
amplification at 72 °C for 10 min. Amplification products were separated alongside a 
molecular weight marker (100 kb plus ladder, M/S Emerk Bioscience, India) by 1.5% 
(w/v) agarose gel. Electrophoresis was done in 1 x TAE (Tris acetate/EDTA) buffer. The 
gel was prestained with ethidium bromide and visualized under UV light. Gel photographs 
were scanned through a Gel Documentation System (UVITECH, United Kingdom), and 
the amplification product sizes were evaluated using the software Quantity one. 
Data analysis. Polymorphic products from ISSR analyses were scored 
qualitatively for presence (1) and absence (0) for each marker allele-clone combination. 
The data entry was done into a binary data matrix as discrete variables. Most informative 
primers were selected based on the extent of polymorphism. The polymorphic information 
content (PIC) was calculated by applying the formula given by Powell et al. (1996):  
 
 
Where, fij is the frequency of jth allele for marker i and the summation extends 
over n alleles. PIC values range from 0 (monomorphic) to 1 (very highly discriminative, 
with many alleles each in equal and low frequency). Pair-wise similarity matrices based on 
DNA profile data were determined using Jaccard’s similarity coefficient (Sneath and 
Sokal, 1973). Genetic relationships among the genotypes studied were calculated using 
UPGMA cluster analysis. All those analyses were computed with the program NTSYSpc 




DNA-based techniques have been widely used for authentication of commercially 
important plant species including rare critical endangered plant species. This is especially 
useful in case of those that are frequently substituted with other species that are 
morphologically and/or phytochemically indistinguishable. In the present study, out of the 
twenty ISSR primers tested, only fifteen of them produced unambiguous DNA fragments. 
All the clones of Cycas beddomei extensively amplified using these fifteen ISSR primers 
(Table 2) and produced 86 fragments ranging from 300 bp to 2500 bp. The minimum size 
of the fragment (300 bp) was amplified by the primer ISSR-03, ISSR-09 and ISSR-14 and 
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the maximum size fragment (2500 bp) amplified by primer ISSR-15 (Fig.2). A total of 86 
markers produced in 15 primers.  
Table. 2 



















in terms of 
PIC 
ISSR-1 (AG)8T 42.5 600 - 1500 03 01 0.656 
ISSR-2 (AG)8C 46.8 500 -1500 02 0 0.623 
ISSR-3 (GA)8T 42.9 300 - 1500 05 01 0.736 
ISSR-4 (GA)8C 43.3 400 - 1500 04 04 0.876 
ISSR-5 (CT)8G 45.0 600 - 2000 05 01 0.818 
ISSR-6 (AG)8GT 42.7 400 -1500 06 01 0.884 
ISSR-7 (AG)8TC 42.5 400 - 2000 02 01 0.681 
ISSR-8 (AG)8CT 46.8 400 - 2000 04 0 0.688 
ISSR-9 (AG)8CG 42.9 300 - 1500 05 01 0.704 
ISSR-10 (GA)8CG 43.3 500 - 1500 06 0 0.776 
ISSR-11 (CT)8T 43.5 500 - 1500 05 01 0.671 
ISSR-12 (AG)8 42.7 500 -1200 04 02 0.758 
ISSR-13 (AG)8TA 40.8 400 - 2500 05 01 0.644 
ISSR-14 (GA)8GC 52.9 300 - 2000 08 0 0.914 
ISSR-15 (GA)9G 50.0 500- 2500 06 02 0.807 
 
The maximum number of polymorphic markers and percentage of polymorphism 
were 70 and 81.3 % respectively. The Average number of polymorphic ISSR marker was 
4.7. The number of markers ranged from 2 to 8 and size ranging from 300 to 2500 bp. Four 
primers exhibited 100% polymorphism and ISSR-2 generated least polymorphism 
percentage. ISSR -14 generated maximum number of polymorphic markers. Maximum 
unique banding pattern was observed in two clones i.e. Clone-1 and Clone 4. The average 
PIC value reflecting the expected heterozygosity, was 0.749 and the frequency for the 
ISSR loci ranged from 0.623 - 0.914 (Table 2). The genetic similarities between the clones 
revealed by ISSR analysis were ranged from 0.34 to 0.89.  
Table 3  
Genetic Similarity matrix of six clones of Cycas beddomei generated by ISSR markers 
 
               Clone-1  Clone-2  Clone-3  Clone-4  Clone-5  Clone-6 
         ______________________________________________ 
Clone-1 |     1.00 
Clone-2 |     0.45      1.00 
Clone-3 |     0.42      0.89      1.00 
Clone-4 |     0.74      0.55      0.52       1.00 
Clone-5 |     0.51      0.86      0.84       0.63        1.00 
Clone-6 |     0.34      0.89      0.92       0.47        0.81        1.00 
___________________________________________________ 
 
The minimum similarity (0.34) was obtained between Clone 1 and 6 and the 
maximum similarity (0.89) was between clone 2 and 3 (Table 2). The UPGMA 
dendrogram generated based on ISSR markers showed distinct clusters (Fig. 3). The six 
clones were clearly separated into two major clusters with 50% similarity. One cluster 
having Clone-1 and Clone-4 with 73% similarity with each other. Another cluster having 
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four clones. Among the four clones, clone-5 having 84% similarity with clones-2, 3 and 6. 
The clone-3 and 6 having 91% similarity among themselves and 89% similarity with 
clone-2. There was low genetic similarity within the clones. The clones collected from 
Trimula hill of Andhra Pradesh had 73% genetic similarity as compare with clones 
collected from Penchalakona region. 
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Cycads are the most primitive living seed plants and extremely dominant during 
the Mesozoic, they are now largely relictual in highly fragmented habitats in the tropics 
and subtropics. Most of the cycad species endangered and face the threat of extinction in 
the wild (Osborne, 1995). DNA-based molecular markers have proved their utility in fields 
like taxonomy, physiology, immunology and genetics. As the science of plant genetics 
progressed, researchers have tried to explore these molecular marker techniques for their 
applications in plant identification, evolutionary status and diversity analysis for 
conservation. DNA-based techniques have been widely used for authentication of 
commercially important plant species including rare and endangered plants. This is 
especially useful in case of those that are frequently substituted with other species that are 
morphologically and/or phytochemically indistinguishable. Among the twenty ISSR 
primers tested, only fifteen of them produced unambiguous DNA fragments and produced 
86 fragments ranging from 300 bp to 2500 bp. The minimum size fragment (300 bp) was 
amplified by the primer ISSR-03, ISSR-09 and maximum size of the fragment (2500 bp) 
by ISSR-14 primer. The maximum number of polymorphic markers and percentage of 
polymorphism were 70 and 81.3 respectively. Average number of polymorphic ISSR 
marker was 4.7. Four primers exhibited 100% polymorphism and ISSR-2 generated least 
polymorphism percentage. ISSR -14 generated maximum number of polymorphic markers.  
Maximum unique banding pattern was observed in two clones i.e. Clone-1 and 
Clone 4. The average PIC value reflecting the expected heterozygosity, was 0.749 and the 
frequency for the ISSR loci ranged from 0.623 - 0.914. The six clones were clearly 
separated into two major clusters with 50% similarity. One cluster having Clone-1 and 
Clone-4 with 73% similarity with each other. The clones collected from Trimula hill had 
73% genetic variation as compare with clones collected from Penchalakona region. The 
genetic differentiation between population is a biological and evolutionary characteristics 
of Cycads as reported by many authors (Walters and Decker-Walters, 1991; Barrett and 
Kohn, 1991; Ellstrand and Elam,1993; Xiao et al., 2004). The genetic information of 
natural populations was strongly affected by migratory capabilities, mating systems and 
ecological characteristics of their habitats and historical events (Xiao et al., 2004).  
Individuals of Cycas beddomei have dramatically declined from nature due to loss 
of habitat and removal of wild for trade. It is essential to take action to preserve the species 
and their habitat. As it is having low genetic diversity in populations implies a reduced 
ability to survive changing environments and increased susceptibility to diseases in the 
long term (Ellstrand and Elam,1993). The clones of Cycas beddomei shared a considerable 
number of markers (16) indicating that these species form a genetic assemblage. Due to 
slow reproduction rates and absence of a long distance dispersal of seeds mechanisms as 
reported (Bank et al., 2001), it seems reasonable to assume that the specie has been derived 
from a common ancestor through multiple vicariant events, which arose from geographical 
isolation resulting from the collision of the Indian plate with the Eurasian plate and from 
glaciations in the Pleistocene (Xiao and Gong, 2006). Some reports indicates that the 
biochemical evolution within Cycads may be slow compared to that of other seeded plants 
because of limited geographical range, small isolated population and high level of genetic 
drift and inbreeding. Thus priority must be taken to conserve this species in own habitat, 
check the anthropogenic destruction and allow them to propagate and increase in number 
through natural regeneration. There is an urgent need to take effective measures to protect 
this species against further loss of genetic diversity and ex situ conservation. 
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